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REMARKS 

The applicants have amended claims 39 and 43 to clarify the same and provide 
adequate coverage for the invention. The claim has not been narrowed in scope and 
no new matter has been added. Claims 1-3, 6-35 and 37-43 are currently pending in 
the subject application. 

Claim Rejections - 35 USC § 103 

1. Claims 1-3, 6-10, 19, 20, 23, 24, 27-32, and 38-42 stand rejected under 35 
U.S.C. 103(a) as being unpatentable over Calderon, U.S. Patent No. 5,063,732 
(hereinafter "Calderon 732"), in view of Anwer et al, U.S. Patent No. 4,017,272 
(hereinafter "Anwer")- 

With regard to claim 1 , the Examiner asserts that Calderon 732 discloses a 
process for producing energy from coal comprising: delivering coal via a packing ram 37 
to an accumulator (chamber) 38 where pyrolysis tubes 40 are charged with coal and 
heated to drive volatile matter out of the coal; the volatile matter (a rich gas) is collected 
and residual char remaining after the pyrolysis of the coal is discharged into a 
gasification vessel 47 where gasification vessel 47 receives a supply of an oxidant 
through tuyeres 48 to gasify the residual char, and slag is discharged through a nozzle 
49; a duct 52 is provided to collect the gas produced from the gasification of char, which 
is known as a lean gas; the lean gas is passed through a cyclone 53 which serves to 
remove particulate matter (such as slag, a resulting product of gasifying the char, thus 
the lean gas and slag flow out of the gasification vessel through a common port) from 
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the lean gas prior to its clean up; the rich gas from duct 44 enters a cracker 56 which 
serves to crack and desulfurize the rich gas to yield a clean syngas (Referring to Col. 4, 
lines 33—68 and Col. 5, lines 1-41; Figs. 4 and 5). 

It is acknowledged that Calderon 732 does not disclose injecting essentially 
pure oxygen in such a way as to combust a portion of the coal while maintaining a 
pressurized reducing atmosphere to yield a rich gas. Calderon 732 discloses the use 
of pyrolysis to thermally volatize the coal to make a rich gas (See Col. 3, lines 42-42). 
Anwer is said to disclose a process for gasifying carbonaceous material under selective 
conditions to produce a gaseous product rich in carbon monoxide and hydrogen (a rich 
gas) comprising introducing in the gasifier particulate carbonaceous material at a 
pressure above the pressure of the gasifier, introducing oxygen-containing gas with up 
to about 50 percent (vol.) of steam, gasifying the carbonaceous material to produce a 
gaseous reaction product in conjunction with spent char (See Col. 22 lines 10-57). 
Anwer further discloses the reactions in the gasifier are advantageously conducted 
under pressure (See Col. 6, lines 64-68). The raw product gas resulting from the 
gasification reaction has a superficial velocity (thus pressurized), as a function of 
operating pressure (See Col. 8, lines 29-38). 

The Examiner concludes that, at the time of the invention, it would have been 
obvious to a person of ordinary skill in the art to modify Calderon 732 by substituting 
the coal pyrolysis reaction to make a rich gas and char with the step of partial 
combustion of coal with oxygen under pressure as disclosed in Anwer for the same 
purpose, to produce a rich gas and char. 
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With regard to independent claim 39, it is simply asserted that Calderon 732 
further discloses that the lean gas can be used in turbines to generate electrical power 
and the syn gas (rich gas) can be converted to a marketable chemical (See Claim 1). 

Regarding the remaining claims, each of which is dependent upon either claim 1 
or claim 39, the Office Action sets forth portions of either Calderon 732 or Anwer said 
to disclose the additional limitation(s) claimed. 

2. Claims 11,12 and 14-17 have been rejected under 35 U.S.C. 103(a) as being 
unpatentable over Calderon 732, in view of Anwer, as applied to claim 1 and in further 
view of Tanca U.S Patent No. 4,445,441 (hereinafter "Tanca"). 

3. Claims 13, 25 and 26 stand rejected under 35 U.S.C. 103(a) as being 
unpatentable over Calderon 732 in view of Anwer, as applied to claim I, further in view 
of Tanca as applied to claim 1 1 , and further in view of Calderon, U.S. Patent No. 
5,136,808 (hereinafter "Calderon '808"). 

4. Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Calderon in view of Anwer, in further view of Tanca, and further in view of the Kawai et 
al. U.S. Patent No. 2,971,830 (hereinafter "Kawai"). 
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5. Claim 21 has been rejected under 35 U.S.C. 103(a) as being unpatentable over 
Calderon 732 in view of Anwer, as applied to claim 20 as set forth above, and in further 
view of the Calderon et al. U.S. Patent No. 6,409,790 (hereinafter "Calderon 790"). 

6. Claims 22 and 33 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Calderon 732 in view of Anwer as applied to claim 1 as set forth above, and in 
further view of the Kevorkian et al. U.S. Patent No. 3,976,548 (hereinafter "Kevorkian"). 

7. Claims 34 and 35 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Calderon 732 in view of Anwer, as applied to claim 1 and in further view of the 
Paisley U.S. Patent No. 5,494,653 (hereinafter "Paisely"). 

8. Claim 43 stands rejected under 35 U.S.C. 103(a) as being unpatentable over 
Calderon 732 in view of Anwer, and in further view of the Gorbaty U.S. Patent No. 
4,113,615 (hereinafter "Gorbaty '615"). 

It is asserted that Calderon 732 discloses a process for producing energy from 
coal comprising: delivering coal via a packing ram 37 to an accumulator (chamber) 38 
where pyrolysis tubes 40 are charged with coal and heated to drive volatile matter out 
of the coal; the volatile matter (a rich gas) is collected and residual char remaining after 
the pyrolysis of the coal is discharged into a gasification vessel 47 where gasification 
vessel 47 receives a supply of an oxidant through tuyeres 48 to gasify the residual char, 
and slag is discharged through a nozzle 49; a duct 52 is provided to collect the gas 
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produced from the gasification of char, which is known as a lean gas; the lean gas is 
passed through a cyclone 53 which serves to remove particulate matter (such as stag, 
a resulting product of gasifying the char, thus the lean gas and slag flow out of the 
gasification vessel through a common port) from the lean gas prior to its clean up; the 
rich gas from duct 44 enters a cracker 56 which serves to crack and desulfurize the rich 
gas to yield a clean syngas (Col. 4, lines 33-68 and Col. 5, lines 1-41; Figs. 4 and 5). 

It is acknowledged, however, that Calderon 732 does not disclose injecting 
essentially pure oxygen in such a way as to combust a portion of the coal while 
maintaining a pressurized reducing atmosphere to yield a rich gas. Calderon 732 
discloses the use of pyrolysis to thermally volatize the coal to make a rich gas (See Col. 
3, tines 42-42). Anwer is said to disclose a process for gasifying carbonaceous material 
under selective conditions to produce a gaseous product rich in carbon monoxide and 
hydrogen (a rich gas) comprising introducing in the gasifier particulate carbonaceous 
material at a pressure above the pressure of the gasifier, introducing oxygen-containing 
gas with up to about 50 percent (vol.) of steam, gasifying the carbonaceous material to 
produce a gaseous reaction product in conjunction with spent char (See Col. 22 lines 
10-57). Anwer further discloses the reactions in the gasifier are advantageously 
conducted under pressure (See Col. 6, tines 64-68). The raw product gas resulting 
from the gasification reaction has a superficial velocity (thus pressurized), as a function 
of operating pressure (See Col. 8, lines 29-38). 

It is further acknowledged that these references do not disclose separating the 
rich cracked gas from coke (or char) to yield coke (or char) usable in the field of 
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metallurgy. However, Gorbaty '615 is asserted to disclose the carbonaceous product 
resulting from the thermal processing of coal (gasification), in those cases where the 
coal is not completely consumed or converted, exhibit adsorption properties similar to 
commercially available activated carbon and suggests that these chars may be used to 
treat waste water (See Col. 1 , tines 54-67). The Examiner therefore concludes that, at 
the time of the invention, it would have be obvious to a person of ordinary skill in the art 
to modify Calderon 732 by substituting the coal pyrolysis reaction to make a rich gas 
and char with the step of partial combustion of coal with oxygen under pressure as 
disclosed in Anwer, for the same purpose to producing a rich gas and char; and it would 
have be further obvious to modify the combination of Calderon 732 and Anwer with 
Gorbaty '615 for the purpose of using the spent char (coke) in the field of metallurgy 
instead of gasification of the char. Gorbaty '615 suggests the motivation to combine 
because one skilled in the art would readily recognize the properties of the char are 
similar to commercially available activated carbon (thus useful in the metallurgy field) 
and such product would enhance the economics of the gasification process (See Col. 2, 
lines 1-10). 

9. Claim 37 has been rejected under 35 U.S.C. 103(a) as being unpatentable over 
Calderon 732 in view of Anwer, and in further view of Gorbaty '615, and further in 
view of the Gorbaty et al. U.S. Patent No. 4,1 13,602 (hereinafter "Gorbaty '602"). 
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Response to Claim Rejections - 35 USC S 103 

1. Applicants respectfully traverse the rejections of claims 1-3, 6-10, 19, 20, 23, 24, 
27-32, and 38-42 as being unpatentable over Calderon 732 in view of Anwer. 

Applicants 1 invention, as defined in claim 1, is a method for producing clean 
energy from coal comprising feeding coal into a chamber which is sealed to the 
atmosphere and which possesses a charging end and a discharging end, moving the 
coal within said chamber towards the discharging end, injecting oxygen which is 
essentially pure in such a way as to combust a portion of the coal while maintaining a 
pressurized reducing atmosphere to: (i) cause the release of thermal energy to 
devolatilize the coal, and (ii) yield a pressurized hydrogen rich raw gas containing coal- 
derived cancer causing distillates and hydrocarbons together with a hot char. The coal- 
derived cancer causing distillates and hydrocarbons contained in the hydrogen rich raw 
gas are cracked to make a hydrogen rich cracked gas which, after desulfurization, 
becomes a clean hydrogen rich synthesis gas. The hot char is directed to a gasifier 
which is sealed to the atmosphere, and is gasified with an oxidant in said gasifier to 
yield a raw second gas and a molten slag. The raw second gas is flowed together with 
the molten slag through a common port out of said gasifier to maintain said port open 
for the free flow of the raw second gas and the molten slag, and the raw second gas is 
separated from the molten slag after exiting from said common port. The raw second 
gas is directed to a cleanup system to clean it and thus yield a clean second gas, and 
the molten slag is quenched to convert it to a non-leaching solid. 
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The Examiner takes the position that Calderon 732 teaches that "the lean gas is 
passed through a cyclone 53 which serves to remove particulate matter (such as slag, a 
resulting product of gasifying the char, thus the lean gas and slag flow out of the 
gasification vessel through a common port) from the lean gas prior to its clean up." 
Thus, the Examiner takes the position that the Calderon 732 teaches or suggests that 
the slag may be blown out of the duct 52 along with the gas, essentially "flowing the raw 
second gas together with the molten slag through a common port out of said gasifier to 
maintain said port open for the free flow of the raw second gas and the molten slag," as 
required by claim 1 . 

It is respectfully submitted that this is an erroneous interpretation of the 
apparatus and method of Calderon 732. As noted at column 5 lines 3-6 of Calderon 
732, "At the top of gasification vessel 47, a duct denoted by numeral 52 is provided to 
collect the gas produced from the gasification of the char." While it is further noted that 
the gas is passed through a cyclone 53 to remove particulate matter from the lean gas 
prior to its cleanup, the slag produced is heavier than the ash particulates which exit 
through the duct 52 with the lean gas. In fact, the focus of Calderon 732 is forcing the 
slag downward through the vertical gasification vessel, away from the duct 52 and out 
through the "slag discharge nozzle 49," and then through "a slag quenching hopper 50 
and a slag lockhopper 51 ." (Column 4 lines 65-68, and see Figure 6). In fact, if one 
were to attempt to blow the molten slag of Calderon 732 up through the bed to the duct 
52, the molten slag would freeze in the cooler, upper portions of the bed, rendering the 
system of Calderon 732 inoperative. 
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Accordingly, Calderon 732 fails to teach or suggest "flowing the raw second gas 
together with the molten slag through a common port out of said gasifier to maintain 
said port open for the free flow of the raw second gas and the molten slag," as required 
by claim 1. For this reason, the invention defined as in claim 1 is not unpatentable over 
Calderon 732 and Anwer, and the rejection should be withdrawn. 

In addition, as correctly conceded by the Examiner, the primary reference 
(Calderon 732) does not disclose injecting essentially pure oxygen in such a way as to 
combust a portion of the coal while maintaining a pressurized reducing atmosphere to 
yield a rich gas, as required by claim 1. The Examiner attempts to overcome this 
deficiency by combining Calderon 732 with Anwer to establish a case of obviousness. 

However, according to the MPEP, "[t]o establish a prima facie case of 
obviousness, three basic criteria must be met. First, there must be some suggestion or 
motivation, either in the references themselves or in the knowledge generally available 
to one of ordinary skill in the art, to modify the reference or to combine reference 
teachings. Second, there must be a reasonable expectation of success. Finally, the 
prior art reference (or references when combined) must teach or suggest all the claim 
limitations." See MPEP 2143. 

Moreover, in order to properly combine references in a rejection, it is well 
established that the function of the primary reference cannot be destroyed by 
combining it with the secondary reference, (see In re Gordon, 733 F. 2d 900, 221 
USPQ 1 125 Fed. Cir. 1984.) In this case, both Calderon 732 and the present 
invention are directed to fixed/moving bed reaction system, while Anwer is directed to 
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the use of a fluidized bed reaction system. In a fixed/moving bed, the coal is fed into 
the top of the gasifier and moves down as a packed, solid bed, and the coal/char is 
consumed at the bottom. In contrast, in a fluidized bed gasifier, the coal is kept in a 
constant state of agitation by a stream of hot gases passing up through a grid plate at 
the bottom of the gasifier. The resulting mixing, swirling behavior of the solids gives it 
the appearance of a bubbling liquid. See Attachment 1 , copy of page 34 of "The U.S. 
Coal Gasification Program: Progress and Projects," Mechanical Engineering, August 
1980, by C.L Miller. 

One skilled in the art would not attempt to combine the fixed/moving bed reaction 
system of Calderon 732 with the fluidized bed reaction system of Anwer. As a result, 
the two references are not properly combinable as proposed by the Examiner. 

Furthermore, in the fixed/moving bed system of Calderon 732 and the invention, 
a molten slag is produced near the bottom of the vessel. Claim 1 of the present 
invention requires flowing the raw second gas together with the molten slag through a 
common port out of said gasifier. Anwer, however, specifically teaches away from the 
production of any molten slag in its fluidized bed system. Thus, at column 7 lines 35- 
41, Anwer indicates that, "generally up to about 60 percent (wt.) of partially spend (sic) 
char is removed from the bottom of the bed and is advantageously contacted with 
steam being introduced into the bed at the lower phase boundary to recover sensible 
heat from the char and preheat the steam." Of course, this removal of heat from the 
partially spent char prevents melting, the very thing required by Calderon 732 and the 
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present invention. For this additional reason, Calderon 732 and Anwer are not properly 
combinable as proposed by the Examiner. 

For all of these reasons, claim 1 is not rendered unpatentable by Calderon 732 
and Anwer, and the rejection should be withdrawn. Claims 2-3, 6-10, 19, 20, 23, 24, 
27-32, and 38, 40 and 41 all depend, either directly or indirectly, from claim 1, and are 
patentable at least on the basis of this dependency from a patentable base claim. 

Independent claim 39 defines a method for producing clean energy from coal in 
accordance with the invention comprising feeding coal into a chamber which is sealed 
to the atmosphere and which possesses a charging end and a discharging end, moving 
the coal within said chamber towards the discharging end, and injecting gas comprising 
oxygen in such a way as to combust a portion of the coal while maintaining a 
pressurized reducing atmosphere to: (i) cause the release of thermal energy to 
devolatilize the coal; and (ii) yield a pressurized raw gas containing coal-derived cancer 
causing distillates and hydrocarbons together with a hot char. The pressurized raw gas 
is directed in such a way as to emerge from the discharging end of said chamber, and 
the coal-derived cancer causing distillates and hydrocarbons contained in the raw gas 
are cracked to make a first cracked gas. The hot char is directed to a slagging gasifier 
which is sealed to the atmosphere and is gasified to make a second gas and a molten 
slag. The slag is removed from the system, and said first gas and said second gas are 
cleaned to provide clean gases for useful applications. 
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Calderon 732, discussed above, fails to teach or suggest injecting gas 
comprising oxygen in such a way as to combust a portion of the coal while maintaining 
a pressurized reducing atmosphere in the chamber to yield a raw gas. For all of the 
reasons discussed above relative to claim 1, Calderon 732 and Anwer are not properly 
combinable as proposed by the Examiner. 

For these reasons, claim 39 is not rendered unpatentable by Calderon 732 and 
Anwer, and the rejection should be withdrawn. Claim 42 depends directly from claim 
39, and is patentable at least on the basis of this dependency from a patentable base 
claim. 

2. Claims 11,12 and 14-17 all depend, either directly or indirectly, from claim 1, 
and are patentable at least on the basis of this dependency from a patentable base 
claim. Thus, the rejection under 35 U.S.C. 103(a) as being unpatentable over Calderon 
732, in view of Anwer, and in further view of Tanca should be withdrawn. 

3. Claims 13, 25 and 26 all depend, either directly or indirectly, from claim 1, and 
are patentable at least on the basis of this dependency from a patentable base claim. 
Thus, the rejection under 35 U.S.C. 103(a) as being unpatentable over Calderon 732, 
in view of Anwer and Tanca and further in view of Calderon '808, should be withdrawn. 

4. Claim 18 depends indirectly from claim 1, and is patentable at least on the basis 
of this dependency from a patentable base claim. Thus, the rejection under 35 U.S.C. 
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103(a) as being unpatentable over Calderon 732, in view of Anwer and Tanca and 
further in view of Kawai, should be withdrawn. 

5. Claim 21 depends indirectly from claim 1, and is patentable at least on the basis 
of this dependency from a patentable base claim. Thus, the rejection under 35 U.S.C. 
103(a) as being unpatentable over Calderon 732, in view of Anwer and further in view 
of Calderon 790, should be withdrawn. 

6. Claims 22 and 33 depend, either directly or indirectly, from claim 1 , and are 
patentable at least on the basis of this dependency from a patentable base claim. 
Thus, the rejection under 35 U.S.C. 103(a) as being unpatentable over Calderon 732, 
in view of Anwer and further in view of Kevorkian, should be withdrawn. 

7. Claims 34 and 35 depend, either directly or indirectly, from claim 1 , and are 
patentable at least on the basis of this dependency from a patentable base claim. 
Thus, the rejection under 35 U.S.C. 103(a) as being unpatentable over Calderon 732, 
in view of Anwer and further in view of Paisely, should be withdrawn. 

8. Claim 43 defines a method for producing clean energy from coal comprising 
feeding coal into a chamber which is sealed to the atmosphere and which possesses a 
charging end and a discharging end, moving the coal within said chamber towards the 
discharging end, and injecting gas comprising oxygen in such a way as to combust a 
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portion of the coal while maintaining a pressurized reducing atmosphere to: (i) cause 
the release of thermal energy to devolatilize the coal; and (ii) yield a pressurized raw 
gas containing coal-derived cancer causing distillates and hydrocarbons together with a 
hot coke. The coal-derived cancer causing distillates and hydrocarbons contained in 
the raw gas are cracked to make a cracked gas which, after desulfurization, becomes a 
clean gas. The cracked gas is separated from the coke to yield metallurgical coke. 

The Examiner acknowledges that the primary reference, Calderon 732, fails to 
disclose injecting essentially pure oxygen in such a way as to combust a portion of the 
coal while maintaining a pressurized reducing atmosphere to yield a rich gas, but 
attempts to combine Calderon 732 with Anwer to overcome this deficiency. As 
discussed above, Calderon 732 and Anwer are not properly combinable as proposed 
by the Examiner. 

Further, the Examiner concedes that Calderon 732 and Anwer (even if properly 
combinable) do not disclose separating the rich cracked gas from coke (or char) to yield 
coke (or char) usable in the field of metallurgy. However, it is asserted that Gorbaty 
'615 discloses the carbonaceous product resulting from the thermal processing of coal 
(gasification), in those cases where the coal is not completely consumed or converted, 
exhibit adsorption properties similar to commercially available "activated carbon" and 
suggests that these chars may be used to treat waste water (See Col. 1 , tines 54-67). 

However, the "activated carbon" like product taught by Gorbaty '615 is not the 
same as the "metallurgical coke" product defined by claim 43. As noted in the attached 
(Attachment 2) definition from page 1250 of the McGraw-Hill Dictionary of Scientific and 
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Technical Terms, Fifth Edition, metallurgical coke is "Coke resulting from high- 
temperature retorting of suitable coal; a dense, crush-resistant fuel for use in shaft 
furnaces." Metallurgical coke is vastly different from the softer, porous "activated 
carbon" like product, suitable as an adsorbent for waste water treatment, described in 
Gorbaty '615. 

Thus, as the prior art reference (or references when combined) fail to teach or 
suggest all the claim limitations (See MPEP 2143), claim 43 is not rendered 
unpatentable over the Calderon 732, Anwer and Gorbaty '615, even if it were assumed 
that the three were properly combinable. 

For all of these reasons, the rejection of claim 43 under 35 U.S.C. 103(a) should 
be withdrawn. 

9. Claim 37 depends directly from claim 43, and is patentable at least on the basis 
of this dependency from a patentable base claim. Thus, the rejection of claim 37 under 
35 U.S.C. 103(a) as being unpatentable over Calderon 732 in view of Anwer and 
Gorbaty '615, and further in view of Gorbaty '602, should be withdrawn. 
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Conclusion 



For all the reasons set forth herein, applicants believe that the present 
application is now in condition for allowance, and a prompt action to that end is 
courteously solicited. If, however, the Examiner would prefer language different from 
that proposed herein, the favor of a phone call to applicants' attorney is respectfully 



ATTORNEYS 
Marshall & Melhorn, LLC 
4 Seagate, 8 th Floor 
Toledo, Ohio 43604 
Phone: (419)249-7145 
Fax: (419)249-7151 



requested. 



Respectfully submitted 




Donald A. Schurr 
Registration No. 34,247 
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ATTACHMENT 1 



The U. S. Coal 



U.S. government development of gasification 
technology has been under way for a long time. It 
jf*si |/n ^ is currently being directed toward the use of 

fi t£8€I Blf*£6 FlITTl stete-of-the-art technology and the development 
\J ^Si9JuJ.V^MQ/AVr il of new and improved techniques that can improve 
*JT% con version efficiency and reduce associa ted costs. 

Hi*!^ £^1*5! F¥l * Institutional problems may be as great a barrier to 
* ^^^3" MJL.I.JM the implementation of a gasification industry as 

technological uncertainties. Also, a large number 
of support studies have been initiated concurrently 
to generate the technical base needed to solve fu- 
ture problems in these areas. 



Progress and Projects 



C. L. MILLER 1 

U.S. Department of Energy, Washington, D.C. 



1 Chief, Gasification Process Section. 




1 Type of Reaction System Used in the 
Coal Gasifier, Fig. 1 

(a) Fixed/ Moving Bed— in this 
technique, the sized coal is fed into the top 

I of the gasifier and moves down through the 
g | gasifier counter-current to the rising stream 
| of hot gases as the coal is consumed at the 
bottom of the gasifier. Coal ash is 
g discharged at the bottom and a coal-derived 
b synthesis gas flows out of the top of this 
'gasifier. 

(b) Fluidized-Bed Gasifier— The coal 
jfed to this gasifier is kept in a constant state 
|| of agitation by a stream of hot gases 

|| passing up through a grid plate at the 
H bottom of the gasifier. The resulting 
p mixing, swirling behavior of the solids gives 
Hit the appearance of a bubbling liquid; thus 
Iff the name "fluidized bed." 

(c) Entrained-Bed System— In this 
p technique a finely pulverized coal is carried 




into the reaction chamber by a stream of 
the reaction gases (i.e., steam and oxygen). 
The gasification of the coal occurs as it 
mixes and is swept through the reaction 
vessel. 

The selection and use of one of these 
three systems is a process of trade-offs of 
the comparative advantages and 
disadvantages of each, Fig. 2. 

2 Comparative Degrees of Technology 
Development 

During the 1920s approximately 11,000 
small gasifiers were in operation in the U.S. 
Today Lurgi, Koppers-Totzek, and other 
gasifiers are being used in many parts of the 
world to convert coal to a synthesis or fuel 
gas. By direct comparison, there are some 
gasifiers representing advanced concepts 
that are only at the bench-scale stage of 
development. In a simplistic attempt to 



indicate the relative position that a 
particular gasification system occupies in 
this development process, the terms first-, 
second-, and third-generation have evolved: 

(a) First generation designates state- 
of-the-art technology that exists and can be 
purchased from some company that will sel 
the gasifier and provide some degree of 
warranty about its performance. Examples 
of these gasifiers include Lurgi, Koppers- 
Totzek, Wellman-Galusha, Stoic, and 
Woodall-Duckham. 

(b) Second generation is used to indicate 
those gasification systems currently in the 
pilot-plant stage of development or ready 
for demonstration as a commercial unit. 
Included among the members of this group 
are the HYGAS, BIGAS, Synthane. slagging 
Lurgi, Texaco, COGAS, and pressurized 
Koppers-Totzek gasifiers. 

(c) Third generation refers to the newer 
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ATTACHMENT 2 



On the cover: Photomicrograph of crystals of vitamin B v 
{Dennis Kunkel, University of Hawaii) 



Included in this Dictionary are definitions which have been published previously in the following works: P. B. 
Jordain, Condensed Computer Encyclopedia* Copyright © 1969 by McGraw-Hill, Inc. All rights reserved. J. 
Markus, Electronics and Nucleonics Dictionary, 4th ed., Copyright © 1960, 1966, 1978 by McGraw-Hill, Inc. 
AH rights reserved. J. Quick, Artists' and Illustrators' Encyclopedia, Copyright © 1969 by McGraw-Hill, Inc. All 
rights reserved. B la kis ton's Gould Medical Dictionary, 3d ed., Copyright © 1956, 1972 by McGraw-Hill, Inc. All 
rights reserved. T. Baumeister and L. S. Marks, eds., Standard Handbook for Mechanical Engineers, 7th ed., 
Copyright © 1958, 1967 by McGraw-Hill, Inc. AH rights reserved. 

In addition, material has been drawn from the following references: R. E. Huschke, Glossary of Meteorology, 
American Meteorological Society, 1959; (7.5. Air Force Glossary of Standardized Terms, AF Manual 1 1-1, vol. 
1, 1972; Communications-Electronics Terminology, AF Manual 11-1, vol. 3, 1970; W. H. Allen, ed., Dictionary 
of Technical Terms for Aerospace Use, 1st ed., National Aeronautics and Space Administration, 1965; J. M. 
Gilliland, Solar-Terrestrial Physics: A Glossary of Terms and Abbreviations, Royal Aircraft Establishment Tech- 
nical Report 67158, 1967; Glossary of Air Traffic Control Terms, Federal Aviation Agency; A Glossary of Range 
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table) are bonded with carbon atoms in a cagelike network. 
{ majta^d.karte'hed.ren ) 

metal locator See metal detector. ( "med^l ;io,kad*or ) 

metallocene [org chem] Organometallic coordination com- 
pound which is obtained as a cyclopentadienyl derivative of a 
transition metal or a metal halide. { ma'tal-o.sen } 

metatlocycle [org chem] A compound whose structure con- 
sists of a cyclic array of atoms of which one is a metal atom; 
frequently the ring contains three or four carbon atoms and one 
transition-metal atom. { ma'tate.sT-kal } 

metallogentc province [geol] A region characterized by a 
particular mineral assemblage, or by one or more specific types 
of mineralization. Also known as metallographic province. 
{ maltal-alien-ik 'pravans } 

Metallogenium [microbio] A genus of bacteria of uncertain 
affiliation; coccoid cells that attach to substrate; they germinate 
directly or form groups of elementary bodies by budding, and 
filaments form from these bodies. { ma.tal-a'je-ne-sm } 

metatlograph [optics] An optical microscope equipped with 
a camera for both visual observation and photography of the 
structure and constitution of a metal or alloy. { ma'tal-a.graf } 

metallographic province See metallogenic province. 
( m3'tal*3,graftk 'pravans ) 

metallographic test [met] A test to determine the structural 
composition of a metal as shown at low and high magnification 
and by x-ray diffraction methods; tests include macro- 
examination, microexamination, and x-ray diffraction studies. 
{ ma'tal-a.graf-ik 'test } 

metallography [met] The study of the structure of metals 
and alloys by various methods, especially by the optical and the 
electron microscope, and by x-ray diffraction. { .med-aragTS* 
fe} 

metalloid [chem] An element whose properties are interme- 
diate between those of metals and nonmetals. Also known as 
semimetal. ( 'med-a.toid | 

metallophobia [psych] An abnormal fear of metal or metallic 
objects. { me,tal*9 , fo'be-3 } 

metalloporphyrin [biochem] A compound, such as heme, 
consisting of a porphyrin combined with a metal such as iron, 
copper, silver, zinc, or magnesium. { ma.tal-o'porfoTan } 

metalloprotein [biochem] A protein enzyme containing a 
metallic atom as an inherent portion of its molecule. { mo.tal* 
o 1 pro, ten } 

metallostatic pressure [met] Pressure developed within a 
volume of molten metal. [ majtal-a.stad'ik 'presh-ar } 

metallothloneln [biochem] A group of vertebrate and inver- 
tebrate proteins that bind heavy metals; it may be involved in 
zinc homeostasis and resistance to heavy-metal toxicity. 
{ ma.tal-o'thra.nen J 

metallurgical balance sheet [met] Material balance of a 
metallurgical process. ( .med-al'orja-kal 'batons ,shet ) 

metallurgical coke [mater] Coke resulting from high-tem- 
perature retorting of suitable coal; a dense, crush-resistant fuel 
for use in shaft rornaces. | .med-orarja-kal 'kok ) 

metallurgical dust [met] A mixture of particles of elements 
and nonmetallic and metallic compounds. { .med^rarja-kal 
'dast) 

metallurgical engineer [eng] A person who specializes in 
metallurgical engineering. ( .med-al'orjo'kal .en-ja'nir | 

metallurgical engineering [eng] Application of the princi- 
ples of metallurgy to the engineering sciences. { .med^l'orja- 
kol ,en*j3'nirirj } 

metallurgical fume [met] A mixture of fine particles of el- 
ements and metallic and nonmetallic compounds either sub- 
limed or condensed from the vapor state. { .med-oVarja-kal 
'fyiim } 

metallurgical microscope [eng] A microscope used in the 
study of metals, usually optical. { .med-al'orja-kal *mr 
kra.skop } 

metallurgy [sci tech] The science and technology of metals 
and alloys. { .med-al'arje .} 

metal mining [min eng] The industry that supplies the vari- 
ous metals and associated products. { 'med*3l ,mln-ig } 

metal-nltride-oxldesemiconductor [solid state] A semi- 
conductor structure that has a double insulating layer, typically, 
a layer of silicon dioxide (Si0 2 ) is nearest the silicon substrate, 
with a layer of silicon nitride (Si 3 N 4 ) over it. Abbreviated 
MNOS. I 'med-ol Im.trTd ;ak,sid 'senvi-kan.dak-tar ) 

metal-organic chemical vapor deposition [solid state] A 



technique for growing thin layers of compound 
in which metal organic compounds, having tb 
where M is a group III metal and R is an orgi 
decomposed near the surface of a heated substr. 
presence of a hydride of a group V element 
MOCVD. { 'med-al 6r'gan*ik 'kenv^kal *va- 
on ) 

metal oxide resistor [elec] A metal-film n 
an oxide of a metal such as tin is deposited as 
insulating substrate. { 'med-al J&k.std ri'zis-tai 

metal oxide semiconductor [solid state] 
tor semiconductor structure in which the insula 
oxide of the substrate material; for a silicon sub 
lating layer is silicon dioxide (SiO^. Abb 
( 'med-ol lak.std 'senvrkon.dak-tar 1 - 

metal oxide semiconductor integrated cfrc 
An integrated circuit using metal oxide semica 
tors; it can have a higher density of equivale 
bipolar integrated circuit. [ 'med-al [ak.sid 'se 
'int-a.grad-od 'sarkat | /; 

metal oxide semiconductor field-effet 
[electr] A field-effect transistor having a gate) 
from the semiconductor substrate by a thin lay« 
oxide. Abbreviated MOSFET; MOST; MOS fir 
merly known as insulated-gate field-effect trans 
al lak.sTd 'semn-kan.dak-tar 'feld i.fekt tran'zisH 

metal-petal basket See cementing baskeL { ' 

.bas-kat }^ | 

metal-plating See plating. { *med-al 'plad-in |1 
metal pointing See pointing. { 'med-al ,p6ml*ii 
metal powder . [met] A finely divided metal or; 
, al ,paud*af } J 
metal replacement See immersion plating. ( J 
mant } A 
metal-rich star [astron] A star in which tl&j 
(elements heavier than helium) to hydrogen is gi 
of the Hyades. { 'med*al |rich 'star } ]| 
metal rolling See rolling. [ 'med-al ,r6l-in 
metal screen [graphics] An intensifying sen 
of a metal which emits secondary electrons ara 
bombarded by x-rays. { 'med*al 'skren } 
metal semiconductor field-effect transistor 
field-effect transistor that uses a thin film of 
with a Schottky barrier gate formed by deposit 
metal directly onto me surface of me film. Abb 
FET. { 'med*al 'senvi-kan.dak'tar 'feld i.fefcTte 
metal-slitting saw [mech eng] A nulling 2} 
circular saw blade but sometimes with side teeth a 
around the circumference; used for deep slotting 
cuts. { 'med-al jslid-in 's6 ] 
metal spinning See spinning. { 'med-al .spm-ij 
metal spraying [eng] Coating a surface wjj 
molten metal or alloy by using a compressa 
{ 'med-al 'sprang } ^ 
metal-to-metal tap [commun] A tapping proa 
actual contact is made with the target pair. (|m 
al 'tap } 

metal vapor laser [optics] An ion laser 
tion of a solid or liquid metal, such as cadminm, 
lead, manganese, selenium, strontium, ami tinn 
a buffer gas such as helium. { 'med^l ,va-p3r| 

metamathematics [math] The study of ' 
deductive logic as they are used in mathematical | 
a,mauVa'mad-iks } 

metamer [org chem] One of two or morei 
pounds that exhibits isomerism with the others. 1j 

metamere [zoo] One of the linearly ananj " 
ments of the body of metameric animals. Also! 
mite. { , med*3,mir } 

metamerism [zoo] The condition of an 
acterized by the repetition of similar segment? 
exhibited especially by arthropods, annelids, an| 
early embryonic stages and in certain 
tures. Also known as segmentation. { ma 1 

metamict [mineral] Of a radioactive 
lattice disruption due to radiation damage 
external morphology is retained. { 'med-a ( mil5] 

metamorphic aureole See aureole. { \vasfr$ 
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